We have been using alumina scintillators for imaging beams in heavy-ion beam fusion experiments in 2 to 4 transverse dimensions [1]. The scintillator has a limited lifetime under bombardment by the heavy ion beams. As a possible replacement for the scintillator, we are studying the technique of imaging the beam on a gas cloud. A gas cloud for imaging the beam may be created on a solid hole plate placed in the path of the beam, or by a localized gas jet. It is possible to image the beam using certain fastquenching optical lines that closely follow beam current density and are independent of gas density. We describe this technique and show preliminary experimental data. This approach has promise to be a new fast beam current diagnostic on a nanosecond time scale.
INTRODUCTION
The use of optical diagnostic techniques has become widespread in the Heavy Ion Fusion Virtual National Laboratory (HIF-VNL) [1] . However limitations to the scintillator lifetime, especially at very high beam intensity, combined with increased beam intensities by several orders of magnitude by transverse and longitudinal beam pulse compression lead to the need for a more robust technique of imaging the beam. Beam parameters range from 50 keV to 2 MeV, with current densities from <1 to >100 mA/cm2, pulse lengths of 0.3 to 20 pts, and pulse repetition rates of 0.1 to 5 Hz. The ideal detector in the case of high intensity beam is a material that can be replenished between successive beam pulses, such as a gas target. The gas may be generated either as a localized gas puff or gas jet introduced in the path of the beam, or as a gas cloud which is released by the beam from a solid target placed in its path. Gas molecules in the cloud excited by the beam emit visible radiation. If the gas has sufficiently high density, the radiation intensity can be shown to be independent of the local gas density, and proportional to the beam current density. 
OPTICAL FARADAY CUP
For the sake of illustration, we follow a particular emission line of molecular nitrogen at 391.4 nm. This line is part of the first negative band of N2+ [5, 6] and is studied in detail in Refs. 2-4. To model emission of the line, the history of N2+ must be followed in detail. The optical emission intensity I per unit length for a given line with radiative transition rate A due to an intense ion beam intercepting a high-density gas cloud is proportional to the density of the excited state, N*:
where h is the photon energy, and ab is the cross section of the beam. ( 2) The first term on the right is the source term; J is the beam current density and ng is the local gas density. S* is an effective cross section that represents the rate of excitation by the beam. The second term is the loss term, where B is the quenching rate of the line by collisional de-excitation. When the gas density is high enough that ngB >> A, the density of excited states, and hence the optical emission, is independent of gas density ng, and linearly dependent on the beam current density J, so that approximately: compression experiments are expected to increase the peak current density to j > 10 A/cm2 in a 1 -ns pulse on target. These current densities are high enough that the inequality ng >> ngo is true, and the 3-db frequency 3db Bn 1.7 x 109 sec' for a current density of 10 A/cm2, which is fast enough for sub-ns response during the peak current pulse.
The desired gas density depends on the species of gas emitted by the wall, which is not well known at the present. The level of current required to obtain the desired gas density also depends on the transition and collisional de-excitation rates of the particular line to be observed.
INITIAL EXPERIMENTAL TESTS
Most initial experimental tests of the optical Faraday cup have been performed without optical filtering, including in the data presented below. Therefore optical emissions from processes which may have widely differing transition rate constants are included in these measurements. Figure 1 shows the results of a comparison of measured light emission from a scintillator, which follows closely the incident beam current density, with the light emission from a (Buckbee-Mears) hole plate. The scintillator and hole plate were each placed in the path of a tightly-focused ion beam and imaged from downstream (imaging the gas cloud on the front side of the hole plate through the holes) by a Roper Scientific intensified gated CCD camera. As the beam strikes the hole plate, a gas cloud is generated on the front surface of the plate, and the optical emission is due to excitation of the gas by the incident beam pulse. The measured optical distributions are similar but not identical in the two images, suggesting that in this case the beam current density, and thus the gas density on the surface of the hole plate, was lower than required for the inequality (3) above to hold true across the beam profile. Comparison between beam image on scintillator (left) with beam image on gas cloud formed at hole plate (right). Scale of images is 2.5 x 2.5 cm. The scintillator emission is about 3x higher in intensity than the emission from the hole plate gas cloud.
The time behavior of the optical emission of the gas cloud was investigated using a hole plate and a fast Hamamatsu phototube. Figure 2 shows the signal from the gas cloud as a function of time, together with the accelerating Marx voltage pulse waveform for a typical uncompressed NDCX beam [9] . Note that the voltage pulse and current pulse have a flat top, which is reflected in the optical emission signal. In addition the optical signal has a 0-7803-8859-3/05/$20.00 ©2005 IEEE slowly-varying emission component which is evident in a ramped signal during the beam pulse and a long tail in the optical signal after the end of the beam pulse when the accelerating voltage is small.
The slow optical component is undesired when using the gas cloud emission as a beam diagnostic and should be removed by optical filtering if possible. 
